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 One of the most frequently observed explanations in misconceptions is 
conceptual understanding. This research aimed to determine the senior high 
school students’ conceptual understanding of Newton’s laws in outer space. 
The researchers assumed that the research results would be rich in variation 
by elaborating the item questions based on the precise step of Digital Story 
Conceptual Change-Oriented as a learning medium.  The researchers 
researched State Senior High School 5 Yogyakarta. The participants of this 
study consisted of 91 students. The applied instruments were fifteen two-tier 
multiple-choice items. The researchers also used a non-test instrument, 
namely an interview sheet. The researchers found related misconceptions in 
Newton’s law in outer space during the research. It was found that 30% of 
students experienced misconceptions. The results are important for the 
learning process that through identification, teachers could use strategy to 
explain the materials. 
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Physics has many abstract concepts and 
principles (Blatt, 1986; Serway & Jewett, 
1998) that are hard for students to interpret. 
However, they must understand physics 
excellently without any ambiguity (Sukma 
et al., 2019). The student's ability to identify 
and interpret physics concepts is an 
important prerequisite for using concepts to 
make more complex inferences or solve 
physics problems (Astalini et al., 2018; 
Suriawati & Mundilarto, 2019; Mustari et 
al., 2020). The need for physics learning 
focused on critical thinking concerning new 
things based on the knowledge has been 
believed to be true (Milenković et al., 2016). 
Physics learning helps students develop 
themselves into individuals who have a 
scientific attitude, process the phenomenon 
and knowledge gained, and understand the 
phenomena around them work (Akmam et 
al., 2018; Kesuma et al., 2020). 
The students’ difficulty in understanding 
some of the basic concepts of physics has 
become the concern of teachers and 
educational practitioners (Muna, 2016; 
Winarti & Budiarti, 2020a). Symptoms of 
misconception or better known as 
“misconceptions” often interfere with the 
learning process, especially for students in 
the process of accommodation knowledge 
(Suparno, 2013; Kurniawan, 2018). 
Misconception is an interpretation of the 
concepts in an unacceptable statement 
(Novak & Gowin, 1984). Misconception is 
an irrelevant explanation or idea based on 
experts’ scientific convention. 
Misconceptions can be an inaccurate 
understanding of a concept, conceptual 
mastery, classification of examples of 
concept application, concept interpretations, 
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confusion of different concepts, and 
incorrect hierarchical relationships of 
concepts. Based on the causes, a 
misconception occurs due to students, 
teachers, textbooks, context, and teaching 
methods (Suparno, 2013; Kuczmann, 2017). 
The misconception may arise from the 
students' preconceptions, associative 
thinking, humanistic thinking, wrong 
reasoning, wrong intuition, cognitive 
development stages, student abilities, and 
interest in learning (Erman, 2017; 
Jauhariyah et al., 2018; Janzing, 2019). The 
misconception comes from the teacher who 
does not master the material or incorrect 
understanding of the material. Incorrect 
explanations in the textbook or difficult-to-
understand wording may cause 
misconceptions in students (Trisniarti et al., 
2020). Experiences and teaching methods 
that do not provide opportunities for 
students to convey their ideas also cause 
misconceptions.  
Identification of students’ 
misconceptions can be seen through the 
differences in student beliefs about the 
answers between students who do not 
understand and students who face 
misconceptions (Prihatni et al., 2016; 
Irwansyah et al., 2018; Supeno et al., 2018). 
Based on the analysis of students' 
conceptual understanding, the 
misconceptions that students often 
experience are not only caused by their 
incorrect answers (Ekici, 2016; Niss, 2017; 
Astalini et al., 2018). If the students do not 
believe their answers, they are categorized 
as not understanding the concept (Akmam et 
al., 2018; Supeno et al., 2018; Kesuma et al., 
2020). If the students believe in their 
answers, but their answers are incorrect, 
they are categorized as having 
misconceptions (Irwansyah et al., 2018). 
Most observations on misconception 
focus on conceptual understanding. Volfson 
examined the concepts of a hetero-aged 
population regarding the circular motion 
phenomenon within a circus (Volfson et al., 
2020). Another finding also found generic 
science and interpersonal skills caused the 
conceptual hierarchy in misconception. 
These new parameters could be the 
additional reasons for misconception instead 
of the natural effects (Trisniarti et al., 2020). 
Other scholars deduced that misconception 
deals with the structure of knowledge. Basic 
rules, such as complete information, 
knowledge of related ideas, trained 
cognition, and basic principle knowledge, 
could remove the students’ misconceptions. 
They are also useful to prevent or eliminate 
misconceptions (Basu et al., 2017; 
Kuczmann, 2017). The regular measurement 
related to students' misconceptions needs to 
perform to maintain the solution map to 
overcome the problems in the conceptual 
physics hierarchy. The issues have been 
identified before (Chung-Parsons & Bailey, 
2019; Fourtassi et al., 2020). 
Based on the literature reviews, the 
researchers found that research on 
misconceptions of Newton’s law in outer 
space has not been researched from different 
perspectives. Therefore, the researchers 
intended to fulfill the gap (Muna, 2016; 
Sulistri & Lisdawati, 2017; Kurniawan, 
2018; Kurniawan & Muliyani, 2019). Thus, 
the researchers investigated the 
misconceptions from different perspectives. 
Otherwise, the researchers also suggested 
that the naïve explanations in 
misconceptions found in this research can be 
eliminated to find different results. By 
elaborating the item questions based on the 
precise step of DSCC (Digital Story 
Conceptual Change-Oriented) as a learning 
medium, the researchers assumed that the 
research results would be rich in variation 
(Lin et al., 2016; Kurniawan et al., 2019). It 
will be an alternative to reduce 
misconceptions in the high category, which 
is more than 70%, because the researchers 
could determine the students' 
misconceptions (Kurniawan et al., 2019). 
The pilot study conducted also found that 
academic institutions have not applied wide 
diagnostics tests to find out the incorrect 
concepts that lead to misconceptions in 
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Newton’s law in outer space (Istiyono et al., 
2019; Winarti & Budiarti, 2020)  
Based on the research background and 
the pilot study, this research aimed to 
determine the senior high school students’ 
conceptual understanding of Newton’s law 
in outer space. By differentiating the steps to 
collect the issues, the researchers found 
related misconceptions in Newton’s law in 
outer space concepts. This research is 
expected to present a new indicator related 
to students’ misconceptions in physics. 
 
METHODS  
The research consisted of three stages: 
the preparation stage, the implementation 
stage, and the data processing stage. The 
steps are presented in Figure. 1.  
Figure 1. Research Flowchart 
 
Descriptive research described the data 
based on the ongoing research process 
(Rukajat, 2018). The purpose of research 
using this method is to systematically 
describe the facts and characteristics of the 
research object accurately and without 
subjective assessment intervention. The 
researchers took all students in senior high 
schools in Yogyakarta as the population. 
The sampling technique was purposive 
sampling. The sample was taken as a 
representative of the population to facilitate 
the collection of research data. The sample 
consisted of six classes with 216 students as 
the participants. Based on the sampling 
process from three existing generations, the 
respondents of this study were students from 
six classes of the chosen educational 
institutions. The respondents gave their 
consent during the research. 
The instrument of this research was 
chosen by the curatorial so that the test 
instrument was chosen. The applied 
instruments were fifteen two-tier multiple-
choice items and a non-test instrument 
(interview sheet). The applied indicators 
were useful to (1) determine the influence of 
gravitational force, (2) analyze the lines of 
works and the direction of the interacted 
object gravitation, (3) identify the 
gravitational acceleration and field on 
different object positions, (4) analyze the 
correlation of the weight and the distances 
of objects, (5) analyze the correlation 
between gravitational acceleration and the 
height of the objects, and (6) analyze the 
planetary motion in the solar system based 
on Kepler's Law. The question item 
grouping was based on the misconception 
indicator and cognitive aspects. The first 
indicator had four items, the second 
indicator had two items, the third indicator 
had two items, the fourth indicator had two 
items, the fifth indicator had three items, 
and the sixth indicator had two items. 
The test instrument was chosen to 
elaborate the students' answers and 
determine the misconceptions through the 
conceptual physics hierarchy. Thus, the 
comparison of each misconception's 
parameters can be determined and analyzed 
in context. 
The logical validity from five experts 
showed that the test instruments were 
categorized high based on some 
considerations. They were (1) the 
grammatical matters for further revisions, 
(2) suggestions to make the questions to 
diagnose misconception, (3) the clarity of 
the figures and tables, and (4) the 
appropriateness of the core competence, 
objective indicators, and question indicators. 
1. Developing questions 
2. Replace and transform 
irrelevant questions  
Implementating the diagnostic test 
with two-tier multiple-choice items 
and interviews to students who have 
learned Newton's gravitational laws. 
1. Processing and analyzing data 
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The empirical validity results were 
compared with the critical values based on 
the product-moment table (0.316). The 
researchers found 23 valid questions, while 
four questions were invalid. The percentage 
of the valid questions was 85.185%. The 
reliability test result of the questions was 
0.926. Thus, the question items were highly 
reliable. 
The researchers analyzed and grouped 
the data into quantitative and qualitative 
data from the objective test and interview. 
The researchers used a test assessment 
scale to judge the objectiveness of the 
multiple-choice items. 
 
Table 1. Test Assessment Scale 
Source: Siswaningsih (2017) 
 
From the tabulation of students’ data 
based on the answer combination guideline, 
the researchers diagnosed and grouped the 
data into “understand the concept,” 
“misconception,” and “do not understand 
the concept.” 
The researcher used the following 










P = Percentage  
M  = The numbers of students for each  
   category 





RESULTS AND DISCUSSION 
Results 
The indicator identifications of the 
classes X MIPA 1 until X MIPA 6 are 
available in the following figure 2 
 
 
Figure 2. Students’ Misconception Profile at Pretest 
on Each Indicator 
 
Based on figure 2, classes X MIPA 1 
until X MIPA 6 experienced misconceptions 
on each indicator with various values. The 
highest misconception percentage was on 
determining the gravitational force. In this 
indicator, the class X MIPA 1 obtained an 
average percentage of 69%, X MIPA 2 
obtained 65%, X MIPA 3 obtained 58%, X 
MIPA 4 obtained 63%, X MIPA 5 obtained 
53%, and X MIPA 6 obtained 45%. On the 
other hand, the lowest percentage was on the 
indicator of analyzing planetary motion in 
the solar system based on Keppler's law. In 
this indicator, X MIPA 1 obtained a 
percentage of 13%, X MIPA 2 obtained 
28%, X MIPA 3 obtained 12%, X MIPA 4 
obtained 31%, X MIPA 5 obtained 13%, 
and X MIPA 6 obtained 3%. 
The analysis results found 12 
misconception categories for each indicator 
of Newton's law about gravity. They were 
(1) students assumed no spatial gravitational 
force, (2) students assumed the mass of the 
object influences object acceleration, (3) 
students assumed objects attract each other 
in horizontal positions, (5) students assumed 
the gravitational acceleration and 
gravitational force were equal, (6) students 
assumed the surficial distance of an object 






















Incorrect test answer – 
incorrect reason 
Do not understand 
the concept 
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influenced gravitational force, (7) students 
assumed the size of an object influenced 
gravitational force, (8) students assumed 
moon would not fall, (9) students assumed 
gravitational force was equal for all falling 
objects, (10) students assumed the direction 
of gravitational force was influenced by 
object's motion, (11) students assumed the 
gravitational force of satellite was 
influenced by rotation time, and (12) 
students assumed the gravitational force of 
Earth is greater than the moon.  
Based on the research results, many 
students experienced misconceptions. The 
students’ conceptual hierarchy are 
determined in three stage of understanding 
which are “understand the concept”, “do not 
understand the concept”, and 
“misconception”. The comparison of 
students’ conceptual hierarchy related to 





Figure 3. Students’ Conceptual Hierarchy in 
Newton’s Law in Outer Space 
 
Figure 3 shows the students’ 
understanding of Newton's gravitational law 
in space. The misconception occurred in all 
classes. The students assumed no 
gravitational force in space. Class X MIPA 
2 had the highest misconception (28%), and 
class X MIPA 6 had the lowest 
misconception (3%).   
The next finding is related to the 
relationship between gravitational 
acceleration (g) and the objects' height. It 
represents the concept of gravitational force 
(F). The comparison of students' conceptual 
hierarchy related to this concept can be seen 




Figure 4. Students’ Conceptual Hierarchy in the 
Gravitational Force 
 
Figure 4 shows the students' 
understanding of the gravitational force. The 
researchers found misconceptions in all 
classes. The students assumed the 
gravitational force of all falling objects was 
the same. Class X MIPA 5 experienced the 
highest misconception (39%). On the other 
hand, class X MIPA 6 experienced the 
lowest misconception (7%). 
The researchers found a misconception in 
analyzing the correlation between the 
acceleration and the height of an object. 
Students considered the object's mass 
influences the object's acceleration. 
 
 
In English: The object’s mass is twice 
greater. 





Figure 5. Item Sample on Two Objects with 
Different Height 
 
Figure 5 illustrates two objects on the 
surface of the Earth with the same height 
(h), but the masses (m) of the two objects 
are different. The mass of object 1 (m2) is 
smaller than the mass of object 2 (m1). 
Based on this statement, the students were 
asked to determine the two objects' 
gravitational acceleration (g). The students 
answered that the gravitational acceleration 
of object 1 was smaller than object 2 
because the mass of object 2 was greater 
than the mass of object 1. Scientifically, the 
student's assumption was wrong 
(misconception) because the object's mass 
does not influence gravitational 
acceleration. Gravitational acceleration is 
affected by the object's distance to the center 
of the Earth, m1 and m2 have the same 
distance to the center of the Earth, so m1 
and m2 have the same gravitational 
acceleration. Students assume the 
acceleration due to gravity and the force of 
gravity is the same.  
 
 
In English: The gravitational force is 
influenced by the object’s height and the 
object’s mass. 
 
Figure 6. Item Sample on the Relationship of Mass, 
Height, and Acceleration 
 
Based on this problem, a table of the 
relationship between the mass of an object, 
height, and acceleration due to gravity was 
presented. The students were asked to 
choose the correct statement based on the 
data provided. The students’ answers 
showed no influences between an object’s 
mass with the gravitational force. They 
thought that only the object’s height 
influenced the gravitational force. Based on 
the answer, the student's assumption was 
wrong (misconception) because the 
gravitational acceleration is affected by the 
object's height. Therefore, there was a 
misconception of students who thought that 
Two particles are above the ground (See the following 
figure). The correct statement about the particles is . . .  
 
a. The magnitude of the gravitational acceleration 
of particle 1 is lower than the gravitational 
acceleration of particle 2. 
b. The magnitude of the gravitational acceleration 
of particle 1 is equal to the gravitational 
acceleration of particle 2. 
c. The gravitational acceleration of particle 2 is 
lower than the gravitational acceleration of 
particle 1. 
d. The gravitational accelerations of particles 1 
and 2 are inconsistent. 
Reason :  
Mass of particle 2 is bigger 
X 
X 
Attention to the data below : 
Object’s 
Mass (kg) 
Height (m) g(m/s2) 
1 1000 9,803 
1 4000 9,794 
2 8000 9,782 
3 8000 9,782 
From the data, it could be stated that . . . 
a. An object's mass does not influence the magnitude of 
gravitational acceleration. 
b. The object's height does not influence t 
c. he magnitude of gravitational force. 
d. The object's height does not influence the  
e. magnitude of gravitational acceleration. 
f. The object's mass does not influence 
g.  the magnitude of gravitational force.  
Reason : 
The Gravitational force is influenced by the object's height, 
not the object's mass. 
X 
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gravitational acceleration and gravitational 
force were the same.  
 
 
In English: In space, the gravitational force 
is lower, such as the moon. Thus, the moon 
will not fall. 
 
Figure 7. Item Sample on Planet Rotation and 
Revolution 
 
The researchers found a misconception 
when the students analyzed the planetary 
motion inside the solar system and Keppler's 
Law. The students thought that the moon 
would never fall. Based on the problem 
above, a satellite image was presented. The 
students were asked to determine the correct 
statement about the gravitational force that 
influences the satellite. The students 
answered that the Earth's gravity affects the 
satellite, but its gravitational force is small 
because gravity is very small in space, like 
the concept of the moon so that it does not 
fall to the Earth. Based on these answers, the 
students answered correctly that the 
magnitude of the gravitational force in outer 
space is very small, but the student's 
assumption that the moon did not fall to 
Earth was wrong (misconception). The 
moon can fall to the Earth due to the force 
of gravity. Still, due to the effects of 
centripetal acceleration and centrifugal 
acceleration, the moon is always in its 
trajectory so that it does not fall to Earth. 
Students thought the rotation of a planet 




In English: Longer rotation time 
The following figure shows an outer space satellite. The 
correct statement about the gravitational influence of 
the satellite is . . . . 
 
a. The Earth’s gravitation does not influence the 
satellite. 
b. The Earth's gravitation influences the satellite, 
but it is minor. 
c. The Earth’s gravitation influences the satellite 
with high gravitational force. 
d. The Earth’s gravitation influences the satellite 
inconsistently. 
Reason : 
In outer space, the gravitational force is very small, 
like the concept of the moon, so it doesn't fall to Earth. 
 
X 
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Figure 8. Item Sample on Planet with Satellite 
The problem above presented a picture of 
a planet surrounded by two satellites with 
different trajectories. Satellite B has a longer 
travel time than satellite A. The students 
chose the correct answers. They argued that 
Satellite B experiences a greater force than 
Satellite A because the rotation time is 
longer. The student's assumption was wrong 
(misconception) because objects with closer 
distances had greater gravitational force. 
This follows Keppler's III law that the 
smaller the distance, the greater the 
gravitational force, and vice versa. 
 
Discussion 
The findings were supported by the 
misconceptions in Newton's law in outer 
space (Comins, 2001; Temiz & Yavuz, 
2014; Rachmawati & Susanto, 2017). 
Otherwise, the contra-contextual results that 
opposed the findings in this research were 
found through deeper analysis (Piburn, 
1988; Supeno et al., 2018). A strong 
argument to support the finding was found 
in Supeno et al., (2018) and Aryani et al., 
(2019). The most salient relationship was 
between the sun and planets. The results 
indicated most had a reasonable concept of 
gravity. It was anticipated that the observed 
misconceptions could be corrected by an 
appropriately designed intervention (Piburn, 
1988). 
Nisa et al., (2019) found that the mastery 
of one-dimensional and two-dimensional 
motion concepts in SMA Negeri 
Bojonegoro was still low. On average, 
students could answer five out of twenty 
questions. The students experienced 
misconceptions about distance and 
displacement in a straight motion. It proves 
that the analytical thinking and critical 
thinking when learning science were still 
low and below average. Misconceptions 
found in the study also revealed that the 
students assumed that in a parabolic motion, 
the object's velocity is always perpendicular 
to its acceleration. Misconceptions about 
velocity vectors and acceleration vectors 
were caused by students’ inability to 
distinguish vectors on the x-axis and the y-
axis (Comins, 2001). Parabolic motion 
combines regular straight motion on the x-
axis and straight motion regularly changing 
on the y-axis (Serway & Jewett, 1998). In a 
circular motion with constant speed, there 
were several difficulties experienced by 
students. They had difficulty in determining 
the velocity and acceleration vectors. It 
supported the finding related to the motion 
of the planet on gravitational force (Figure 
6). The interviewed students stated that they 
thought the planet's gravitational force was 
not affected by the mass of the planets. They 
also thought that the planet's movement in 
the rotation was not the same as circular or 
parabolic motion. The three-dimensional 
motion of the axis will lead to the same 
motion in Newton's law. Newton's law is 
applied in all kinds of motion through the 
projection of matter (Serway & Jewett, 
1998). 
In line with the findings, previous 
research related to Newton's law in outer 
space also led to the same conclusion. Based 
on the students’ reasons, they assumed that 
if the circular orbit radius was greater, the 
resulting gravitational force would also be 
greater. However, students who chose 
answer D gave unclear reasons, and some 
did not even give reasons.  
Satellite B has a three-time longer period than Satellite A. The 
orbit track of Satellite B is three times farther. Chose the 
correct statement about the gravitational force for each 
satellite! 
 
a. A experiences a higher force than B. 
b. B experiences a higher force than A. 
c. A and B experience the same magnitude of forces. 
d. A and B do not experience gravitational forces.   
Reason : 
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This research only identified the 
students’ initial misconception using a two-
tier diagnostic test and an interview. The test 
was for the class that learned Newton's Law 
concept about gravitation. This test was 
useful to obtain the initial data of the 
students' conceptual understanding. This 
research is interesting, and the researchers 
followed it up to remediate the 
misconception for future studies. 
Many researchers discuss misconceptions 
and the relevant remediation as shown in 
this research. Some experts, including the 
current researchers, took some investigated 
concepts and relevant concepts based on our 
assumptions to be explored. The exploration 
of the conceptual hierarchy had also been 
done by Tatsar et al., (2020). The results 
revealed that students had conceptual 
changes positively after receiving the 
phenomenon-based authentic learning. They 
had the correct concepts in each isomorphic. 
Students’ understanding of the concept as a 
whole after experiencing phenomenon-
based authentic learning experienced 
positive changes. The results show an 
increase in student's conceptual 
understanding after being taught using 
phenomenon-based authentic learning. It 
cannot be separated from the learning 
process-oriented towards real phenomena to 
strengthen students' understanding of 
concepts (Hasanah et al., 2020). There are 
many strategies and instruments that are 
applicable to identify the misconception. 
The most important matter is how to 
improve the misconception, so the students' 
conceptual understandings are excellent and 
avoid further misconceptions in this learning 
material. 
 
CONCLUSION AND SUGGESTION 
The analysis found related 
misconceptions in Newton’s law within the 
context of outer space. The researchers 
researched the senior high school students 
with various analysis approaches. The 
results showed that many students 
experienced misconceptions. The students’ 
conceptual hierarchy was determined within 
three-stage, namely "understand the 
concept," "do not understand the concept," 
and "misconception." When the students 
analyzed the planetary motion in the solar 
system based on Keppler Law, the 
researcher found a misconception. The 
students thought that the moon would never 
fall apart. 
This research is expected to present a 
new determination related to students’ 
misconceptions in physics. The research on 
DSCC and related misconceptions in a 
different perspective, approach, and analysis 
needs to be conducted so that the findings in 
this study and previous related studies are 
not biased. The scope and sequence of 
research in the determination of 
misconceptions also need to be widened. 
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